CASSCF/CCI calculations are presented for the low-lying states of Y3. Comparison of the wave functions for Y3 and S C~ indicates substantial 4d-5p hybridization in Y3, but little 3d-4p hybridization in Sc3. The increased 4d-5p hybridization leads to stabilization of 4d7~ bonding with respect to 4do bonding for equilateral triangle Y3, and also leads to 4d-5p bonding for linear geometries. These effects lead to a different ordering of states for equilateral triangle geometries and a smaller excitation energy to the linear configuration for Y3 as compared to Sc3.
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I. Introduction
Recently Knight, Woodward, VanZee, and Weltner [I] studied the ESR spectra of Sc3 and Y3 in rare gas matrices. The ESR spectrum for Sc3 shows equivalent Sc atoms, which is consistent with an equilateral triangle ground state geometry.
Calculations by Walch and Bauschlicher(21 find a 2AY ground state for Sc3 with the configuration: &ai2 4ser4 3da:2 3da"' 2
Here the 3dai and 3da; orbitals are 3d bonding orbitals derived from the atomic 3do and 3d7r" orbitals, respectively. (The symmetry designations here are for D 3 h symmetry and correspond to a Q axis along a line connecting a given atom with the center of the molecule.) From a comparison of the Sc3 and Cas potential curves, it is apparent that these 3d bonding orbitals contribute significantly t o the bonding in this molecule. Also, some 4p involvement due to 4s-4p hybridization is found in the bonding in both Cas and Sc3. However, there is little admixture of 4p into the 3d like bonding orbitals. e For Y3, the ESR spectrum shows only two equivalent Y atoms, which is consistent with a non -equilateral triangle structure (such as an obtuse angle bent molecule or a linear molecule). It was of interest to see if the calculations would show significant differences between the bonding in Sc3 and Y3, which could account for these differences which are observed experimentally. We find the major difference between these molecules is the increased importance of 5p-4d hybridization in the bonding orbitals of Ys, relative to 4p-3d hybridization in SCQ. This effect results in a different ordering of states for 1 ' 3 as compared to Sc3 and 5p-4d hybridization effects lead to a low-lying linear configuration for Y3, while the calculations on Sc3 clearly indicate an equilateral triangle ground state. In section XI we briefly describe the calculational details. Section 111 describes the results obtained, and Section IV 2 0 0 presents the conclusions.
Calculational Details
The calculations are similar to the calculations on S C~ which have been reported previously. The calculations use a relativistic effective core potential (ECP) developed by Hay and Wadt[3] which replaces the Ar core, but includes the 4s and 4p core levels in the calculation along with the 5s, 5p, and 4d valence electrons. The Y basis set is the same as the basis set reported by Hay and U'adt, except that the 5p functions are replaced by the functions recommended by M'alch, Bauschlicher, and Nelin [4] multiplied by 1.5 to make them suitable for describing 5s -5p correlation.
The s and p basis sets are contracted (2111) based on the atomic 4s and 4p orbitals, respectively. The d basis set was contracted (211) and a single set of 4f functions was added as a two-term fit to a Slater orbital(< = 1.40) [4] . The basis set and ECP were tested by comparing ECP and all-electron calculations [7] for the 5C; state of the Y2 molecule. The differences in the calculated potential curve parameters (ECP minus all-electron) were Re= -0.01 ao, we= +4 crn-'? and De= +0.04 eV.
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The complete active space self consistent field (CASSCF) calculations[8] included the 5s-5p and 4d derived orbitals in the active space. For near equilateral triangle geometries the active orbitals were a: and e' from 5s, ai and e' from 4do, and a$ and e" from 4d7r''. For linear geometries the active space included three og, two ou, and one each rZu, r Z g , rYu, and ryg. The nature of these orbitals is discussed in section III. As for the SCQ calculations~2], the number of electrons in symmetry subgroups was constrained to be the same as in the dominant configuration.
For Czv geometries, the symmetry subgroups were i) a1 and b2 and ii) a2 and b l , i.e. the orbitals were partitioned according to whether they were symmetric or asymmetric with respect to reflection in the molecular plane. The Sc3 molecule has a 2AY ground state with the configuration: 0 &ai2 h e t 4 3dai2 3da;' and a very lowlying 2A{ state arising from the same limit with the configuration: 4sai2 4sef4 3da:' 3da;' Formally these configurations arise from three Sc atoms in the 4s23d' ground state.
There is also a low-lying 2E' excited state arising from two ground state Sc atoms and one Sc atom in the 4s'3d2 excited state:
4sai2 h e t 3 3dai2 3da'I2 2
From than the 4d orbitals so that distances corresponding to good 4d-4d overlaps [7] are well inside the optimal bonding radius for the 5p orbitals. Furthermore, the overlap integral S 5 p r -5 p x increases monotonically toward one as R goes toward zero, but the overlap integral Ssp0 -spa decreases inside the optimal bonding radius, eventually goes through zero, and becomes minus one for R equal zero. Thus, 4d-5p admixture is more favorable for 5p7r than for 5pa and this effect appears to be responsible for From Table VI1 and Fig. 2 , one sees much more admixture of 5p and 4d in the 7r bonding orbitals of Y3 as compared to the corresponding orbitals of Sc3. This is particularly evident for the lazu orbital. From Table VI1 it is seen that the latter orbital has about equal parts of 5p and 4d character for Y3, but is mostly 4p like for Sc3. These differences are also evident in the plots of these orbitals in Fig. 2 Table I .).
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The ESR spectrum of Y3 is consistent with non equivalent Y atoms. The lowest state in the calculations is 'A',, which is expected to have an equilateral triangle geometry and is not consistent with the experiment (see Table V less compact zero order wavefunction than do the equilateral triangle states which are SCF dominated. Thus, one might also expect significant errors in the excitation energies here, and the ground state of Y3 may be linear in agreement with one interpretation of the ESR spectrum of Ys. Finally, we note that although the CCI calculations for the 'C$ state correspond to more than one million configurations, the reference space is only about 90 % of the CI wavefunction. This problem, which has proven to be typical of calculations on transition metal dimers and trimers, is thought to arise because of the approximation of not including explicit nd shell correlation in the CASSCF wavefunction.
In spite of the difficulties in computing the excitation energies for these system, these calculations show significant qualitative differences in the bonding in these molecules. This qualitative understanding of the bonding is important, since very little is known about the electronic structure of small transition metal clusters. Also 8 e a based on experience for transition metal diatomics [7] , we expect that the computed geometries and force constants will be accurate and may provide some guidance to experimental studies on these molecules.
IV. Conclusions
We conclude that the bonding in Scs and Y3 differ mainly in terms of a larger p involvement in the bonding in Y3 
